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Abstract — In work the development of a multi-channel electrical impedance system is represented. The 32-channel rheographic system developed allows registration of the electrocardiogram and the transthoracic rheogram simultaneously with up to thirty precordial rheocardiograms. The system has a combined modular structure including 16 higher precision current sources and 32 impedances registration channels. Each from sixteen modules has the current generator and synchronous detector. Selection of useful signal to be made on each from 32 low-pass filters. For reduction of a stray capacity of cable systems length of cables precordial of channels makes no more than one meter. The most significant problem, however, is the relatively large capacitance of multiplexer devices. Typically the input capacitance is in range 30 – 50 pF. The important aspect of designing was the creation of the high-quality, precision input source differential amplifier working on frequency 100 kHz and common-mode rejection ratio (CMRR) not less than 80 dB.
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The modern period of medical instrument development is characterized by high interest to non-invasive technologies of diagnostics, thickening of signal analysis algorithms. The tendencies of medical instrument making development require of the medical equipment developers to create systems of flexibly configured and a modular type. Dignity of such systems is the unification of intermodular interaction, possibility of the extension and interchangeability.

The realization of impedance techniques in modern means requires development of reliable automated systems in view of advanced reaching in the field of signal transformation and processing.

The effective solution of the delivered problem is possible only because of biotechnical systems (BTS) theories.

Basis of BTS theory is the principle of adequacies demanding harmonic operation of biological and technical elements in BTS uniform.
In a considered system the rheocardiography method is used. The impedance rheocardiography method is based on a passage high-frequency (40 – 100 kHz) current of small amplitude (1 - 5 mА) through the chest and registration of the dynamic changes in a tissue impedance caused by the blood circulation and breathing.

Such effect does not infringe conditions of normal operation of an organism, ensures adequate interaction of BTS main parts.

Distinctive feature represented BTS is the modular concept of construction of the hardware. 15 modules (30 channels) registration of impedance signals, 1 module registration of transthoracic impedance signals and ECG from a uniform electrode system enter into a structure of a system. Such structure allows to realize area precordial mapping of heart, observation behind transition of heart in dynamics, integrally to evaluate cardiovascular parameters of a cordial ejection on the base analyses of transthoracic impedance signal and analyses, to analyze a phase structure of cordial activity on binding to phases the ECG.

The analysis of existing modern microsystems has shown, that the best performance for a solution of a problem has the microcontroller Texas Instruments MSP430F149. This microcontroller in the best way approaches for realization of impedance signals registration module. As it has small consumption of energy. The controller has an extended hardware rim with 8 channel 12th digit, high-speed ADC (up to 200 ksps) and possibility of programming on the sequential interface. After digitization the signals previously packed by the microcontroller into appropriate packages arrive on the data bus. The protocol corresponds to the interface RS-485. The management on the data bus is made by the central microcontroller C8051F320. For maintenance of interface with computer the built-in receiver transmitter UART-USB is used. The interface has a high transfer rate of an information, sufficient for organization of the multi-channel recording system.

The use of the standard universal asynchronous receiver transmitter UART, included in structure of microcontrollers architecture MSP430F149 and C8051F320 allows by an optimum method to connect them in a uniform network of a reception - transfer on the standard interface RS-485. The choice of the interface RS-485 allows flexiblly to configurate a system and to supplement it by necessary number of modules of registration. It is important for want of for debugging and monitoring of serviceability. The system has a possibility to disconnect and to connect modules without a modification of the modules microcontrollers program.

Especially it is necessary to pay attention to a principle of current generator construction with temporary separation of channels. In the block diagram of hardware maintenance the common current generator for each module of registration is realized for maintenance of stable work of all channels of registration of an impedance and decrease of mutual influence of channels. The decrease of outflow currents level of in source circuits of measuring channels is ensured due to galvanic isolation. The current generator is isolated by the transformer. The source cascades of impedance measuring channels are not switched and constantly are connected to the patient.
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Fig.1. The hybrid scheme of construction of the multi-channel recording impedance system
Specific features of designing of the multichannel recording system:
- Realization of temporary separation of channels,
- Sequential scanning of channels,
- Management and switching of the current generator each from channels,

- Realization of long and stable monitoring impedance signals and ECG.

There is a high probability of distortion registered rheogramm in precordial of area due to large amplitude of movement and breathing artifacts and limited dynamic range ADC.
It is necessary to develop a compact multichannel system with large number of modules. It is possible for want of correspondence to rigid requests on consumption of energy and sizes of used components.

The restriction on power consumption from the power supply requires application of special measures and low power of solutions for want of hardware designing.
The high characteristics of impedance measuring converters are determined:

- quality of construction of currents generators,

- selective properties of detectors impedance signals,

- account of capacity cable systems properties.

It especially is actual for want of designing of the multichannel impedance measuring system.

Till now in impedance converters for calibration applied sinusoidal or rectangular electrical signals. The signals passed through a part of the measuring channel. Such testing non-impedance signal attracts emerging measuring of problems. It is connected to set-up of device gauging and with recalculation of an electrical signal in an impedance.
Developed a principle and procedure of calibration allow to calibrate all measuring tract, including a cable of the patient. The impedance source of calibration permitting directly to compare outcomes of calibration with precision (of 0.1 %) by significances of gauge impedances is selected.
Table 1 Main technical characteristics of the 32-channel rheographic system for the IPM

	Parameter
	Value

	Input PreRCG channels
	Up to 30

	Input TTRG channels
	1

	Input ECG channels
	1

	Sample rate
	Up to 500 Hz

	Rheogram:

    measurement method

    measuring current (effective value)

    base impedance range, Z

    range of impedance changes, (Z

    sensitivity

    pass range

ECG:

    from the rheographic electrodes

    arbitrary noise, not more than

    pass band
	tetrapolar

3 mA, 100 kHz

1 – 250 Om

( 2 Om

0.5 mOm

0.17…68 Hz

3, 10-6 V

0.17…68 Hz

	ADC
	12 bit


